We have used a polyclonal antiserum t o cell wall proteins of Candida albicans to isolate several clones from a cDNA i l g t l l expression library. Affinitypurified antibody prepared to the fusion protein of one clone identified a 40 kDa moiety present in cell wall extracts from both morphologies of the organism. Indirect immunof luorescence demonstrated expression of this moiety at the C. albicans cell surface. Sequencing of a pBluescript II genomic clone identified with the cDNA clone revealed an open reading frame for a 417 amino acid protein. The nucleotide sequence showed significant homology with 3-phosphoglycerate kinase (PGK) genes, with 88%, 77% and 76% nucleotide homology with the PGK genes from Candida maltosa, Sacchammyces cere visiae and Kluyveromyces lactis, respectively. The deduced amino acid sequence was consistent with this identification of the sequence as PGKI of C. albicans. This finding was confirmed by a positive immunological response of a commercially available purified PGK from S. cerevisiae with the affinity-purified antibody against the fusion protein of the cDNA clone. The presence of PGK in the cell wall was confirmed by two additional methods.
INTRODUCTION
The cell wall of the opportunistic pathogen Candida albicans has been the focus of numerous studies (Cassone, 1989) . Glucan and chitin constitute a rigid skeleton in which the protein fraction (mainly mannoproteins) is Abbreviations: IIF, indirect immunofluorescence; PME, P-mercaptoethanol; PGK, 3-phosphoglycerate kinase.
The GenBank accession number for the sequence data reported in this paper is U25180.
embedded (Cassone, 1989) . For a number of years, it has been realized that there is a high degree of complexity associated with the protein component (Casanova 8c Chaffin, 1991; Casanova et al., 1992; Chaffin & Stocco, 1983 ; Pontcin et al., 1993 protein components, the identity and function of most of the proteins present in this organelle remain unknown. As the outermost part of the cell, the cell wall has important functions in the interaction between the fungal cells and their surrounding environment, and by extension, in the host-parasite interaction and in pathogenicity. Most of these functions, which include adhesion to inert and biological surfaces, antigen presentation and immunomodulation, and a role in morphogenesis (Calderone, 1993 ; Calderone & Braun, 1991 ; Casanova et al., 1990; Cassone, 1989; Hostetter, 1994; Martinez et al., 1990) , have been associated with the protein fraction, and have been postulated as virulence factors (Cutler, 1991) . We have previously reported the isolation of several cDNA clones for cell wall proteins and the use of the cloned sequence and antibody to the fusion protein to examine the expression of the gene and protein (Alloush et al., 1996) . One of these cDNA clones was associated with a 40 kDa protein which appeared to be constitutively expressed by both yeast cells and germ tubes. We report here the cloning and nucleotide sequence of the gene designated PGKl that has extensive homology with genes specifying 3-phosphoglycerate kinase (PGK). The cellular localization and expression have been further investigated and the protein demonstrated to be a bona fide cell wall protein.
METHODS
Organisms and culture conditions. C. albicans 3153A was employed throughout this work. It was maintained by subculturing every 2-3 weeks on Sabouraud-dextrose plates. The organism was propagated as yeast cells or yeast cells bearing germ tubes as described previously (Casanova et al., 1989; Lopez-Ribot & Chaffin, 1994) in the minimal medium supplemented with amino acids described by Lee et al. (1975) . For some experiments, C. albicans was grown in 2% (w/v) yeast extract/I O/ O (w/v) peptone/2 '/o (w/v) glucose medium (YEPD) at 25 or 37 "C. Preparation of cell wall extract. Protein and glycoprotein components of the walls were released from intact cells by treatment with p-mercaptoethanol (PME) as described previously (Casanova & Chaffin, 1991; Casanova et al., 1992) .
Briefly, organisms were resuspended in ammonium carbonate buffer containing 1 '/o (v/v) PME and incubated for 30 min at 37 "C with shaking. After treatment, the cells were sedimented, and the supernatant fluid was recovered, dialysed against distilled water (four changes) for 48 h at 4 "C, and concentrated by freeze-drying (PME extract). The total sugar content in the preparation was determined colorimetrically with mannose as a standard (Dubois et al., 1956) . Biotinylation of cell surface components. C. albicans yeast cells were grown as described above. Cell surface components were biotinylated with Sulfo-NHS-biotin (Pierce), which does not permeate the cell membrane (Cole et al., 1987) , essentially as previously described by Casanova et al. (1992) . Surface components were extracted as described above and biotinylated proteins were purified from a portion of the extract by affinity chromatography on immobilized streptavidin following the manufacturer's instructions (Pierce) as previously described (Lopez-Ribot et al., 1996) .
Isolation of the PGKl gene. A pooled polyclonal rabbit antiserum previously described was prepared by combining antiserum prepared to different cell wall extracts (LopezRibot & Chaffin, 1994) . Several clones specifying different cell wall proteins were isolated from a Agtll cDNA expression library prepared from germ tube mRNA (Alloush et al., 1996) . The 1.4 kb insert of one clone, originally designated V, was amplified by PCR (GeneAmp PCR Reagent kit ; Perkin Elmer), Primers in the vector sequences were 5' ACGACTCCTGG-AGCCCGTCAGTAT and 5' TTGACACCAGACCAACTG-GTAATG. The PCR product was labelled with [32P]ATP by nick translation (Amersham) and used for hybridization screening of the genomic library by standard methods (Ausubel et al., 1988) . For preparation of the genomic library by standard methods, DNA was digested with EcoRI and electrophoresed, and 4-9 kb fragments were excised from the gel and purified with Geneclean (Bio 101) (Sambrook et al., 1989) . The fragments were ligated into similarly digested and dephosphorylated pBluescript I1 SK( -) (Stratagene). The ligation mixture was used to transform competent Escherichia coli XL1-Blue following the manufacturer's instructions (Stratagene). DNA sequencing and sequence analysis. Both strands of the PCR product described above were sequenced using the fmol DNA Sequencing system (Promega). For the genomic clone, the insert was subcloned into pBluescript SK( +). Singlestranded DNA was obtained from both strands with M13 VCSM helper phage (Stratagene) and sequenced by the dideoxy chain-termination method using the Sequenase version 2 kit (USB) and custom-synthesized primers. The nucleotide and deduced amino acid sequence analyses were performed using the FASTA, GAP and MOTIFS programs of the Wisconsin Sequence Analysis Package version 8 (Genetics Computer Group, Madison, WI, USA). The protein homology search was performed using the BLAST network service of the National Center for Biotechnology Information.
Northern (RNA) blot analysis. Total RNA from C. albicans strain 3153A grown under different conditions was extracted by the hot phenol method (Wise, 1991) and analysis was performed by standard procedures (Sambrook et al., 1989) . Equal amounts of RNA as determined by A,,, measurements (Beckman DU-70 spectrophotometer) were electrophoresed and subsequently transferred to a nylon membrane (Nytran Plus ; Schleicher & Schuell) using the Turboblotter (Schleicher & Schuell) following the manufacturer's instructions. The PCR product of the cDNA clone was obtained and 32P-labelled as described above and used for detection. Hybridization was performed using Rapid-hyb buffer (Amersham) following the manufacturer's instructions. Preparation of aff inity-purified antibody. The fusion protein specified by the cDNA clone was used to affinity-purify antibody as previously described (Alloush et al., 1996) . The fusion protein was produced by the isolated A clone on solid medium and transferred to a nitrocellulose filter. The filter was incubated in the presence of the pooled polyclonal antisera for 3 h. After the incubation period, the filter was exhaustively washed with buffer (10 mM Tris/HCl, pH 7.4, 0 9 ' YO NaCl and 0*05% Tween 20). Bound antibody was eluted from the filter using 10 mM glycine buffer (pH 2-3) containing 0.9 '/o NaCl, 1 '/o (w/v) BSA and 0.05 '/o Tween 20 (Casanova et af., 1991) . The eluted antibody solution was neutralized with 2 M Tris base. Gel electrophoresis. SDS-PAGE using 5-15 '/o gradient acrylamide gels under denaturing conditions and Coomassie blue staining of the gel were performed as described previously by Casanova et al. (1989) and Laemmli (1970) . Electrophoretic transfer to nitrocellulose paper (Schleicher & Schuell) was Phosphoglycerate kinase in C. albicans cell wall performed basically as described by Burnette (19811, LopezRibot & Chaffin (1994) and Towbin et al. (1979) using a semidry electroblotter (Hoeffer Scientific Instruments) at 0.8 mA cm-, for 1 h. In some experiments, samples were separated on 4-15 ' / O acrylamide gradient mini-gels (Bio-Rad) .
Western blotting. Western blot analysis was performed as previously described (Alloush et al., 1996; Casanova et al., 1989) , using undiluted affinity-purified antibody described above. A 1 : 2000 dilution of peroxidase-conjugated goat antirabbit IgG (Cappel ; Organon Teknika) in Tris-buffered saline (TBS) (10 mM Tris/HCl, p H 7.4; 0.9 YO NaC1) containing 0.05 O/ O Tween 20 and 1 YO (w/v) BSA (TBSTB) was used as indicator antibody. Coloured reactive bands were developed with H,02 and 4-chloro-l-naphthol (Hawkes, 1982) . lmmunodot blotting. For an immunodot blot, different quantities (5, 2.5 and 1-25 pg) of a commercially available purified Saccharomyces cerevisiae PGK (Sigma) diluted in TBS buffer were directly applied onto nitrocellulose paper (Schleicher & Schuell) and allowed to dry. The immunublot procedure described above was then used with either the monovalent affinity-purified antibody to the fusion protein or the pooled polyclonal antisera against C. albicans cell wall extracts at a final concentration of 1 : 1000 in TBSTB. Indirect immunofluorescence (IIF). IIF assays were performed on intact germinated yeast cells basically following the procedure described elsewhere (Alloush et al., 1996 ; Casanova et al., 1989) . The affinity-purified antibody to the fusion protein and a fluorescein-conjugated goat anti-rabbit IgG (Boehringer Mannheim) secondary antibody were used sequentially. The affinity-purified antibody was concentrated fivefold using Centricon-10 tubes (Amicon) prior to use. Negative controls in which incubation with the first antibody was omitted showed no fluorescence. Cells were examined with a Nikon Labophot equipped for epifluorescence and pictures of the fluorescent samples were taken using a cooled ( -45 "C) charge-couple device (CCD) camera (Star 1 ; Photometrics) as reported previously (Lopez-Ribot & Chaffin, 1994) . The digital image was converted to a TIFF file and was processed for brightness and contrast and scaled (Imgworks ; Silicon Graphics) and printed (Codonics printer).
lmmunoelectron microscopy. C. albicans germ tubes were sprayed as a fine aerosol directly into a container placed in a -196 "C propane reservoir. Samples were then transferred to modules in substitution blocks containing dry acetone with 001 O/O OsO, at -85 "C for 3 4 d. Blocks were then brought gradually to 4°C and washed several times in anhydrous acetone. Finally, Unicryl resin (Ted Pella) was infiltrated into the blocks, which were cured under UV light. Thin sections were obtained and placed on nickel grids, washed in PBS (0.145 M NaCl ; 0.0081 M Na,HPO, ; 0.0027 M KCl ; 0.0014 M KH, PO,) and blocked for 15 min with PBS containing 1 ' / O (w/v) BSA before being incubated for 3 h at room temperature in the presence of the monovalent affinity-purified antibody. After the incubation period, the sections were washed three times with PBS, and incubated for 1 h at room temperature in the presence of a 1 : 7 dilution of colloidal-gold-conjugated anti-rabbit antibody (EY Laboratories). After washing in PBS, sections were counter-stained with uranyl acetate and lead citrate. Samples were observed with a Hitachi H-600 microscope at 75 kV and pictures were obtained. Control grids in which the first incubation step with the affinity-purified antibody was omitted were processed in parallel and showed no specific reactivity, with only some occasional gold particles observed. PGK enzymic assays. PGK activity in the different preparations from C. albicans was assayed using the coupled system described by Scopes (1975) . The assay mix comprised 30 mM Tris/HCl (pH 7*5), 10 mM 3-phosphoglycerate (potassium salt), 50mM KCl, 5 mM MgSO,, 0.2mM Na,EDTA, 4 mM ATP, approximately 0.1 mM NADH and 2 0 4 0 pg glyceraldehyde-3-phosphate dehydrogenase ml-I (specific activity 50-100 IU mg-l). Cells (7-8 x lo9 from a 25 ml yeast culture grown in YEPD at 25 "C were collected by centrifugation and used in an assay. Culture supernatant (25 ml) was dialysed and concentrated 400-fold by lyophilization. Cytosol was prepared by breaking yeast cells in 10mM Tris/HCl (pH7.4) by vortexing with glass beads. The supernatant was removed from the settled glass beads, and debris and intact cells were removed by centrifugation.
Aliquots containing 5 and 10 pg protein as determined by A,,, measurements were assayed. Purified PGK from S. cerevisiae (Sigma) served as a positive control.
RESULTS
Presence of a protein associated with cDNA clone V in the cell wall and at the surface We have previously used cDNA clones a n d affinitypurified antibody to the fusion proteins specified by each clone as probes to study the expression of cell surface proteins (Alloush et al., 1996) . The purpose of this study Fig. 1 . Identification of cell wall proteins. PME cell wall extracts separated by SDS-PAGE were analysed by Coomassie blue staining (a) or by Western blotting using the affinity-purified antibody against the candidal PGK fusion protein (b). Extracts (300 pg sugar per lane) were obtained from yeast cells (lanes 1) and germ tubes (lanes 2). Molecular masses of protein standards run in parallel are shown.
On: Mon, 28 Jan 2019 21:25:25 was to examine the expression of one of these clones, originally designated clone V, in greater detail. Among the numerous proteins which can be removed from the cell wall by alkaline extraction with PME, affinitypurified antibody to the fusion protein specified by clone V reacted with only a single protein band (Fig. 1) . The 40 kDa band was present in cell wall extracts from both yeast cells and germ tubes. Several affinity-purified antibody preparations had the same monovalent reactivity pattern, demonstrating the specificity of the affinity-purified antibody preparations for a single component. Affinity-purified antibody was used in an IIF assay to assess the expression of the protein on the cell surface of intact fungal cells (Fig. 2a, b) . Both yeast cells and germ tubes were stained with the antibody preparation.
Northern analysis
Northern blot analysis with the clone V PCR product identified a 1.6 kb transcript (Fig. 3) . The transcript was detected in RNA from cells growing in the yeast form in YEPD medium at 25 and 37 "C and in Lee medium at 25 "C. It was also detected in RNA from cells obtained fig-3 . Northern blot analysis of the candidal PGKl transcript.
RNA was obtained from C. albicans 3153A growing as yeast cells in YEPD medium a t 25 or 37°C (lanes 1 and 2, respectively), as yeast cells in Lee medium a t 25 "C (lane 3) and 6 h after induction of germ tubes in Lee medium at 37 "C (lane 4). Hybridization was performed as described in Methods. The size of the transcript was calculated by regression analysis of standards run in parallel. shown). The gene appeared to be expressed constitutively in both yeast cells and germ tubes.
DNA sequence analysis
The cDNA insert of clone V was amplified and the PCR product was sequenced and used to isolate a clone from a genomic library in pBluescript 11. A 2.1 kb section of the genomic clone including the region corresponding to the cDNA clone was also sequenced. An open reading frame (ORF) for a 417 amino acid protein was found. The nucleotide sequence of the ORF was used for a database search. Extensive homology of the coding region was found with PGK genes. Homology of 88 %, 77% and 76% was observed over 1.2 kb with the genes from Candida maltosa (Masuda et al., 1994 ; accession nos D12474 and D01167), S. cereuisiae (Hitzeman et al., 1982 ;  accession no. 501342) and Kluyueromyces lactis (Fournier et al., 1990 ; accession no. X17654), respectively. The deduced amino acid sequence (Fig. 4) al., 1990) and GCRl (Henry et al., 1994) . A heat-shock element is also found in the promoter region (Piper et al., 1988a) . The 5' region of PGKl was examined for homology with the consensus sequences for these binding factors and for TATA sequences. Overlapping consensus TATA sequences were found at -150 and -152 (Fig. 5) . Consensus sites for the other sequences were not found. Several possible TCAA transcription initiation sites (Hahn et al., 1985) were found between the TATA sequences and the putative translation start site. A 15 bp direct repeat was found before and after the TATA sequence at -102 and -186, respectively.
Reactivity of monovalent affinity-purified antibody with S. cerevisiae PGK protein
T o confirm the identification of the cloned sequence as the C. albicans PGKl gene, we took advantage of the sequence conservation among species and the retention of common epitopes for antibody recognition. The reactivity of the monospecific affinity -purified antibody to the fusion protein produced by the cDNA clone was examined with a known PGK. An immunodot blot of purified PGK of S . cereuisiae showed reactivity with both the pooled polyclonal antiserum and the monovalent affinity-purified antibody (data not shown).
Biotinylation of surface proteins
Since PGK has not previously been described in the cell wall, we used two methods to demonstrate the moiety was a genuine cell wall component. In one approach, cell surface proteins external to the cell membrane were specifically labelled on intact cells with Sulfo-NHSbiotin, which does not permeate the cell membrane. The PME extract was obtained and biotinylated proteins were purified by affinity chromatography on immobilized streptavidin. The purified proteins and unpurified 
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are underlined in the nucleotide sequence. Fig. 6 . Western blot analysis of biotinylated proteins. Unfractionated cell wall extract (lane 1) and biotinylated proteins purified from the extract by streptavidin affinity chromatography (lane 2) were separated by SDS-PAGE on a rn i n i-g el and transferred to n itrocel I u lose. Monova I ent aff i n i typurified antibody recognizing the cloned PGK fusion protein was used for the Western blot analysis. Electrophoretic mobility of protein standards run in parallel is indicated.
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extract were analysed by Western blotting using the affinity-purified antibody (Fig. 6 ) . The affinity-purified antibody reacted with a 40 kDa protein in the total extract (lane 1) as well as in the purified biotinylated proteins (lane 2). Biotinylation of the cell wall component recognized by the antibody with Sulfo-NHSbiotin demonstrated that it was present outside of the cell plasma membrane prior to extraction and associated with the cell wall.
lmmunoelectron microscopy
Additional evidence for the localization of PGK was obtained by immunoelectron microscopy. The monospecific affinity-purified antibody to the fusion protein containing the C. albicans PGK was used in indirect immunoelectron microscopy. As shown in Fig. 2(c, d) , the moiety reacting with the monospecific affinitypurified antibody was present at the cell surface as well as the outer surface of the plasma membrane, and extended through the cell wall. Extensive reactivity was also detected in the cytoplasm as expected.
Localization of enzyme activity
T o localize enzyme activity, the culture filtrate, intact cells and a cytosol fraction were examined for activity. N o reactivity was observed in the concentrated culture filtrate while reactivity was just detectable with a suspension of whole cells. Essentially all of the detectable reactivity was in the cytosol fraction (data not shown).
DISCUSSION
Monovalent affinity-purified anti body to the fusion protein of one of the cDNA clones for cell wall antigens of C. albicans detected a 40 kDa protein present in PME extracts from yeast cells and germ tubes (Alloush et al., 1996 ; Fig. 1 ). The nucleotide sequence of the cDNA clone and a 2.1 kb portion of a genomic clone encoding this antigen were highly homologous to genes for PGK.
In particular, high homology was observed with the fungal PGK genes from C. maltosa (88 YO), S. cereuisiae (77%) and K. lactis (76%). PGK is found in all living organisms and contributes 1-5 '/o of mRNA and protein of S. cereuisiae (Holland & Holland, 1978) . Its sequence has been highly conserved (Watson & Littlechild, 1990) . The deduced amino acid sequence contained a highly conserved sequence found in the substrate-binding site (Fig. 4 ). At the protein sequence level, somewhat higher homology than at the nucleotide level was observed. There was 95'30, 83% and 82% similarity with sequences from C. maltosa, K. lactis and S. cerevisiae, respectively. The observation that both the affinitypurified monovalent antibody against the fusion protein and a pooled polyclonal antiserum preparation against C. albicans cell wall extracts showed cross-reactivity against the purified PGK enzyme from S. cerevisiae confirmed that we had cloned the C. albicans PGKl gene. Using the S. cereuisiae gene as a heterologous probe under conditions of high stringency, Manavathu (1993) reported that PGKI is a single copy gene present on the large chromosome (presumably R) of C. albicans.
Two overlapping TATA consensus sequences were present in the 5' region of the gene (Fig. 5) . Also present Phosphoglycerate kinase in C. albicans cell wall downstream of the TATA sequences were several TCAA sequences that are used in some S. cerevisiae genes as transcription initiation sites (Hahn et al., 1985) . The transcription of PGKl in S. cerevisiae is not dependent on the TATA sequence and is affected by a number of other transcriptional regulators (Ogden et al., 1986) . These include RAP1 (Chambers et al., 1989) , ABFl (Chambers et al., 1990) and GCRl (Henry et al., 1994) and the GAL11 co-activator proteins. A heat-shock element is also found in the promoter region (Piper et al., 1988a) and several enzymes of the glycolytic pathway, including PGK, are induced after heat shock (Piper et al., 1988b; Mager & MoradasFerreira, 1993) . A consensus match for the RAP1, ABF1, GCRl and heat-shock element sequences was not observed. These regulatory elements found in S. cerevisiae either are missing or deviate from the consensus sequence in the C. albicans PGKZ (Fig. 5) . The nonprotein-coding regions of the pyruvate kinase genes ( P Y K I ) of C. albicans and S. cerevisiae have less homology than the coding region (Swoboda et al., 1993) .
Thus the regulation of glycolytic gene expression may vary from that observed in S. cerevisiae, even though the structural genes have a high degree of homology.
Northern blot analysis revealed that PGKZ was constitutively expressed, a not unexpected finding after the identification of the gene and growth in glucosecontaining medium (Fig. 3) . PGKl was expressed in cells growing in different media, at different temperatures and with different morphologies. The expression of four glycolytic genes, PYKl , alcohol dehydrogenase (ADHZ ), phosphoglycerate mutase (GPMZ ) and PGKl , has been examined in C. albicans (Swoboda et al., 1994) .
In general, the mRNA levels decreased upon inoculation of cells into fresh medium and recovered more rapidly at 37 O C than at 25 "C. No evidence was found for a heatshock response. Alterations appeared to be associated with changes in cellular physiology rather than in temperature or morphology. The observations in this study are in general agreement as the PGKl transcript was measured in yeast cells that had been in exponential growth for several hours, and the first measurement on a germ tube culture was 1 h after induction. These conditions are sufficient to permit the restoration of mRNA following the transient decrease observed by Swoboda et al. (1994) .
Several lines of indirect evidence supported the conclusion that PGK was a cell wall protein.
(1) The presence of a component at the cell surface or in cell wall extracts has been a criterion for defining a cell wall protein and used as a classification scheme (see reviews and references in Calderone, 1993; Calderone & Braun, 1991; Hostetter, 1994; Ponton et al., 1993) . (2) The method of preparation of cell wall extracts has been shown to include genuine cell wall components and exclude cytosolic contaminants including a glycolytic enzyme (Casanova et al., 1992; Chaffin & Stocco, 1983) .
Such extracts were used in the preparation of antiserum and in the identification of the protein specified by the cDNA clone (Fig. 1) . (3) The absence of the enzyme in the culture filtrate did not support a hypothesis of nonspecific coating of the surface, following lysis of a few cells. Enolase, but not glyceraldehyde-3-phosphate dehydrogenase activity, is found in the culture filtrate but enolase does not coat the surface of cells in the culture (Sundstrom & Aliaga, 1992 , 1994 Angiolella et al., 1996) . However, the identification of a protein in the cell wall as a glycolytic enzyme prompted us to use additional means to demonstrate the validity of this finding. First, biotinylation of intact cells with Sulfo-NHS-biotin demonstrated that PGK was present outside the cell membrane and associated with the cell wall (Fig.  6 ). Candidal PGK was localized using immunoelectron microscopy ( Fig. 2) . Using the monovalent affinitypurified antibody against the fusion protein, reactivity was detected at the cell surface as well as the outer surface of the plasma membrane, and extended through the cell wall. Reactivity was also detected throughout the cytoplasm as expected. These results confirmed that PGK is also a genuine component in the cell wall of C.
albicans.
The presence of glycolytic enzymes on microbial surfaces is not unprecedented. Recently, Angiolella et al. (1996) demonstrated that enolase is present in the cell wall but not present on the cell surface of C. albicans.
We have confirmed that enolase is present in the cell wall extracts but do not detect reactivity at the cell surface by IIF (data not shown). Glyceraldehyde-3-phosphate dehydrogenase has been reported as a major surface protein on group A streptococci (Streptococcus pyogenes), where it not only is enzymically active but serves as a binding protein for fibronectin, lysozyme, myosin and actin (Pancholi & Fischetti, 1992) . In Kluyueromyces marxianus, the same enzyme protein has been identified as a constitutive protein of the cell wall that increases substantially upon induction of flocculation (Fernandes et al., 1992) . Alcohol dehydrogenase is also a surface protein of Entamoeba histolytica, where it has been reported to display receptor activities for a number of extracellular matrix components (Yang et al., 1994) .
This protein has also been suggested to be present on the surface of C. albicans, perhaps as a fibronectin or vitronectin receptor (Pendrak & Klotz, 1995) . Recently, PGK has been found on the outer covering (tegument) of the parasite Schistosoma mansoni (Lee et al., 1995) .
We have recently demonstrated that a member of the hsp7O family of proteins is present in the cell wall of C. albicans (Lopez-Ribot et al., 1996) . We have also shown that the products of SSAZ and SSA2, two members of the HSP70 gene family in S. cerevisiae, are present in the cell wall of that organism. Mutants lacking both of these genes have no detectable hsp70 in cell wall extracts while other members of the hsp70 family are detectable in the cytoplasm of the mutant (Lopez-Ribot & Chaffin, 1996) . These observations further confirm that the presence of such proteins in cell wall extracts is not attributable to contamination. The presence of PGK in the cell wall has at least two implications for secretion or cellular targeting. First, it requires a mechanism that apportions PGK between the IP: 54.70.40.11
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H. M. A L L O U S H a n d OTHERS cytoplasm and the cell wall. Secondly, the absence of a conventional N-terminal signal sequence (von Heijne, 1986) found on most secretory proteins, including those of C. albicans (Livi et al., 1991) , suggests an alternative mechanism of secretion to the classical endoplasmic reticulum/golgi secretory pathway. A 47 kDa immunodominant antigen found in the cell wall by immunoelectron microscopy is a peptide fragment of an hsp90 (Matthews & Burnie, 1989; Matthews et al., 1988) and also would appear to require an alternative mechanism to reach the cell wall. The hsp70 proteins do not have a conventional signal sequence and in S. cerevisiae, a mutant lacking hsp70 in the cell wall is also altered in the profile of proteins present in the wall (Lopez-Ribot i k . As a molecular chaperone implicated in transport of proteins across membranes (Craig et al., 1994) , one possibility is that hsp70 may be involved in the secretion of proteins lacking a signal sequence. A number of prokaryotic, fungal and higher eukaryotic proteins appear to utilize a non-classical pathway and some of these pathways have been described by Kuchler (1993) .
There have been a number of recent reports indicating that several candidal glycolytic enzymes elicit an immune response. Enolase is known to be an abundant immunodominant antigen in C. albicans, and it has been found to be secreted to the liquid medium (Sundstrom & Aliaga, 1992 ,1994 Walsh et al., 1991) and present in the cell wall (Angiolella et al., 1996) . Antibodies to candidal pyruvate kinase and alcohol dehydrogenase in the sera from patients suffering from superficial candidiasis have also been reported (Swoboda et al., 1993) . Candidal glycolytic enzymes, including PGK, are also reactive with immunoglobulin E antibody present in the sera from allergic patients (Ishiguro et al., 1992; Shen et al., 1991) . We are presently examining the presence of antibodies against PGK in serum from individuals with candidiasis. In summary, we have shown that PGK is a bona fide cell wall protein of C. albicans. The function of this protein -enzymic, receptor, or some other function -in the cell wall is yet to be determined. However, the presence in the cell wall of such proteins having enzymic functions in the cytosol raises provocative questions about multiple functions of proteins and cellular partitioning.
